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Throughs Chief Research Sciemtist {
Chief Designing Engineer '
Chief, liydraulics Eranch

Frew: T. J. Ehone, Supervisory lydraunlic Emgineer
GPO 852320
Subject: Prototype tests of the hollow-jet valve stilling basin,
auxiliary jet flow gate, and general inspection of the
hydraulic structures at Trinity Dam, Trinity River
Division-~Central Valley Project, Califeornia

threnology of Travel

1 left Denver, Colorade, via commercial airline during the merning
and arrived st Redding, Califernia, in the evening of April 28,
1963, Travel between Redding and the Project Construction
Engineer®s Office at Lewiston, California, was by Government
vehicle., On the return trip, 1 left Redding during the afterncom
and arrived at Demnver in the evening of May 3, 1963,

Purpose of the Trip

The prisary purpese of the trip was to observe the operation of
the hollow-jet valve stilling basin and to measure and record the
pressare head and air demend fluctuations at the jet flow pate in
the suxiliary outlet works, A secondary purpose was to inspect the
condition of the morning glory spillwey and flip bucket, the
suxiliary outlet works discharge tumnel, and the hellow-jet valve
stilling basin.

Fersonne] Comtacted

The following persowunel of the Project Constructien Engineer's
Office at Lewisten, California were contacted:

H. E, dcInnis, Project Comstruction Fngineer
J. L. Craham, Supervisery Mechanical Engineer



R, ¥, Tipten, Mechsnical Bguipment Inspector
T. J. Spicher, Mecharnical Engineer

L. J, Soben, Rotation Engineer

P. ¥, Merritt, Project Photographer

F. K, Noonan, Photoprapher

Pertinent Correspondenco
Lewisten, Cali from Chief Fagineer, subiect, “Hellowejet

valve sutlet woerks stilling basian and mowning plovry spillway,”
« Teletype TLI-DN-99, dated April 26, 1063,
ot Velve Stilling Rasis

ion,~-The outlet works at Trinity Dam consisty of twe
ot valves discharping into o stilling besin
develeped specifically for this type of valve. The Trinity Dam
valves wore desipgned for full opemn operation at a total head ef
approximately 315 feet for twowvalve operstion snd 326 feet for
singlesvalve operstion, These heads are considersbly higher than
had been used in any provious hollowe-jet valve structure and wers
beyond the data used for desigm purpeses, lydraulic model studies
were porformed go confirm the stilling basin design, Results of

|

these studies are contained in Hydraulle Laboratory Report
o, Hyd-438, The observation of the prototyps ion was mede
to determine the effectivensss of the stilling basin and teo obtzin

g vas 183,5 psi, The pressure gages were located in
the bypass piping of the Fing follower gates upstream of the
ow-jot valves, The gages wore at elevation 1929.87,

%m conditions with single-valve operation

were > was with the left valve 3 percent epen

and the second with the left valve 18 percent open, The jet from

the 3 percent opening did not penetrate the stilling besin pocl;

1y there was extremo surface and turbulence

in the basin nccompanied with a censiderable smeunt of splash and
The surface youghmness carried downstvream into the river
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channel, and almost to the far bank, In the river chommal there
wore ciockeise eddiss on the right side of the basin znd countare
chochkwise eddies on the left side, The cddies on the right side
d4id set caryy upstreaw into the powerplant tailraee,

The fet from the 18 percent epening plunged inte the stilling basis
pool snd formed a very effective hydranlic Jump with sz considerable
smpumt of surging end bolling, Dowmstress from the ond of the
center dividing wall the boll frem the fusp moved From one side

of the basin to the other, but the asymmetyy did not cerry down
beyond the end of the hasin, The high polnt of the jump was about
160 feot wpstresw frow the end of the basin, (96 foet downstreaw
from the valves) the top of the beil sveraged about 8 to 10 feet
below the top of the side walls, Ocecasionally the top of the boil
surged to within 4 feot of the top of the wall, then rolled upstress
wntil it came in contect with the jet, which caused an extremely

- bigh splash that continued to move upstresm until it struek agsimst
the front of the centyol house., This sction broke several windows
in the contrel bouse in the past, wost 6f which have beesr replaced
with ¢hicken-wiresreinforced slass,

Symmetricsl Cveration.--The remsinder of the stilling basin
Gbservations were mece with beth valves equelly epened, Valve
openings of 10s, 28., 50+, 78+ and 100+percent weve tested,
eommenciag with the 10 percent spening, .

The pressure gage veadings for the 10 pevcent opening vore 188 psi
upstream of the left valve and 150 pal upstress of the right valve,
indicating discharges of 560 cfs and 570 cofs and %otal heads _
{pressure head plun veloeity head) of 437,) foet and 441,% feer,
respectively, imwedistely upstrasn from the valves,

The jets from the valves did mot pemetrate the stilling basin pool,
There wes censiderable sist and spray from the dets which cowbined
with the spray from the surfuce turbulense in the stilling basin
and obseurad the vision of the stilling sction im the pool, Yhen
shserved fyom the far bank, Figure 1, the impact of the jets
appeaved to creats waves shout 8 fest high in the basin that
leveled out 1o sbout S-foot high surges at the end of the basin,
The waves were sbout & inches high slemg the left bamk, 1,5 to

2.5 feet high on the bank opposite the stilling basin, and

©:2 foot high in the sfverbay. The water surface sloap the wing-
wils at the end of the basin surged from elevetion 1898,3 to
slevation 1900,2, The tailvater elevation et the powsrplant after-
bay was 1888,.8,

Pressure gage veadings for the 28 percent opening weve 178 psi for
the left valve and 179 psi for the right valve, isdicsting dizcharges
of 1,380 ofs through each valve at total heads of 430,7 feot and
432,9 feet, vespeatively,




The stilling sctiemzat this gate opening was very effective, Pisure 1,
The high point of the boil was usually about 90 feet downstrean

from the valves but occasionally moved upstream sbout 40 feet, The
top of the boil was about 4 feet below the top of the side walis

but oeessional high surges carried 15 o 20 feet shove the walls,

The high surges usually were moving in an upstresm directien and
impinged on the jet causing a2 high splash thst landed on the fromt
of the control house, Omall stones were somstimes seem in the
high splashes, Several of these stones have been found in the
contrel house and were reported to be less than 1 ineh im diaweter,
The rouglmess and turbulence of this fump were confined te the upe
styeanm portion of the basin and flow in the downstresn 40 feet was
edwparatively sseoth with asbout & 4«foot surpe in the water level,

The tailwater elevation st the powerplant was 1901.05, The waves
were 1,0 to 2,3 feet high slong the left bank, 1,0 te 1.5 feet

high on the bank opposite the basin, and 0,3 faet high in the
afterbay, The water surface slong the wing walls at the end of the
basin surged from elevation 1899.3 teo 1201.5; the avernge water
level was sbout 0.3 foot higher on the left side thas on the right
side, All of the flow bgyend the basin moves in s downstresm dirsce
tien; thers weve no eddy curvents in the afterbay or recirvculstion
of the flow aleng the winpg walls,

Pressure gage resdings for the 50 percent opening were 146 pszi for
she left valve and 144. peil for the right valve, indicating
discharges of 2,640 @fs and 2,620 cfs at total hesds of 410,1 feet
and 405,1 feetr, vespectively, :

The jump was very turbulent, in the basin for this operating cesdition,
Figure Z, The tee of the jump (not visible in previsus operation)
was sbeut 50 feet downstresm from the valves, exposing about half
of the center dividing wall, The high point of the boil varied
from 110 feet to 150 feet downstream from the valves., The high
point of the boil veried from 4 to 12 feet below the top of the
side walls with an occesional spurt rising about 15 feet sbove the
walls, There was no back splash apsinst the contrel house but
considerable splash passed over the sides of the basin wells, At
the end of the basin the water level betwsen the walls varied from
4 te § feet higher than the cutside tallwater,

The tailwater slevation st the powsrplant was 1902,3., The waves

ware 1,2 to 1,5 feet high along the left bank, 2.0 to 2,3 feet

high on the bank epposite the basin, and sbout 0,4 fost high in the .
afterbay. Diring this operation, the combination of the high tailwater o
and wave action removed the staff gages that wers beinp used to obfmin a
the wave heights on the left bsnk and on the bank opposite the basin,

The latter staff gape had been fastened to a 2-foot-dimmeter plece

of riprap; apparently, the wave sction moved this pilece of rock,

eausing it te roll down into the channel, The water surface variation

in the afterbay was more in the form of slow surges rather than choppy waves,
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Pressure gage veadings for the 75 percent openings were 105 psi for
the left valve and 104 psi for the right valve, indicatving
discharges of 3,600 ¢fs and 3,500 ¢fs at hesds of 378,00 feet and
374.8 fest, respectively,

The hydrauclic jump asctien for this condition was geed, Fimure 2,
but the beil at the end ef the jump extended beyond the end of the
basin, The toe of the fump varied from 50 to 70 fest downstream
of the valves, sxposing the full length of the dividing wall at
times, The high point of the boil was about 20 feet beyond the
end of the basini making the lenpth ef the jump, from the tee to
the heoil, asbout 170 feet long., The high point of the boil was
usually 4 feet below the top of the sidewalls, but surged about

4 feet sbove and below this, An ocgcusionsl splash or spurt in the
busin rises 20 to 30 feet im the alr., An cecasional rock, estimated
te be 3 to 4 inches in disweter, was ocessionally seen in the boil,

The tallunter elevation st the powerplant was 1903.4, The waves
along the left bank were estimated to sverage azbout 3.0 to 3,5 feet
high with an oecssionsl 5.0-foot hich wave, The water surface
variation in the afterbay was agein in the form of slow surges that
varied about 1.2 fest in elevation,

~ Pressure gage readings for the 100 pevcent opening were 72 psi for
the left valve snd 68 psi for the right valve, indieating discharges
of 4,350 ¢fs and 4,270 cfs at heads of 364.2 feet and 347,56 feet,
respactively,

The toe of the jump remained fairly constant sbout 70 Feot downe
strean from the valves, near the end of the centeor dividing wall,
The boll at the end of the jump moved back and forth from the end
of the basin to 40 te 60 feet downstresn from the end; however,

it wag predominantly beyond the end of the basin, Figure 3, The top
of the boll varied from the top of the side walls to about 6 feet
below the top. A secondary bell or surge formed near the end of
the basin, Although the formation of this bell was sporadie, it

was higher than the downstream boil and wsually overtopped the side-
walls, The stilling sction was very rough and turbulent, but the
turbulence did not extend upstream inte the afterbay, The
turbulence from the stilling action moved scross the chanmel frow
the basin and turned downstream, Wave sction on the left and
opposite bank was estimated to be sbout the same as during the

75 percent operation. The tailwster elevation in the afterhay
averaged asbout 1903,7) the wave sction was in the form of slow
gurges about 1.7 feet in mepnitude,

During the clesing eyele, the mergy dissipsting action in the stilling
basin was much more effective than it had been for similar valve




epenings during the opening cycle, This wes no dosbt due to the

higher tailvater, The surges and splashes still overtopped the

sidevalls, but the location of the beil ﬂd‘l:ri sbout 20 feet
1s was

farther upstroem and the high point of the sbout 4 feot
long,

Nodel~«Prot ~=The model investisations ware wmade

'} for either one- or twoevalve operation,

At the beginning of the model studies, the design waximm discharge
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Comparisen of the single-valve operation eam be made only in peneral
terma since only m.m.uummnmian' erved
indicated that for sineleevalve
the jusp would be about 70 feet downstresw
ioh point of the bell would be about
the protetype, the high point of
the valves as could be expected for
The model studies indicated a relatively
smeoth water surface the downstrean half of the basin with about
a 5« to T-foot surge; the protetype also showed a smooth water
surface with a 4-foot surge, The model predicted 2,5-foot high
waves in the downstream chamnel; 6- te J-inch waves were weasured
The medel showed that 13- to 20-foat high
splashes could be expected between the toe of the fup and the high
point of the boily similar splashes occurred in the protetyre,
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valves vere discharging a
ty than had been used for the medel studies, As
previously stated, at 100«percentsspen the prototyre was discharping
600 cfs at 5360 feet of head whereas the maxismm

was 7,670 e¢fs at 315 feet of head, A more comparible
cowparison would be for the 75-percentscpen protetyne operation
when the discharge was sbout 7,200 cfs at 375 feet of head,

A maxisum operat condition investi during the wodel studies
was 7,200 cfy at foet of head with teailwater slevations hetween

and

st elevation 1902 showed that the tee of the jusp would be about

70 foet downstream frem the valves and the high point of the beil

about 160 feet downstresm from the valves, or approximately 30 feet
The top of the bell was about

but there was cemsiderable
high splashing between the toe of the jwmp and the beil, WMaves in the
downstrean channel averaged about 1.5 feet in height,
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le¢ protetype operation was 7,200 efs at 375 feet of head
lwater at elevation 1903.4, Figure 4, The toe of the
he same as indicated in the sodel, However, the beil

20 feet beyond the end of the basin, SO feet farther

and the top of the boll was usually
the sidexalls, The difference in the
1 can be attributed te the higher head
valves mu‘ e higher flow veloeity, resulting §n a longer

amoun
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gate in the smuxilizry outlet works, During those tests it was
noticed that for gate openings between 30 and 80 percent, there
wes & pulsation in the pressure head upstreaw of the gate, The
pul was asccompanied by sn audible rhythmic chanpe in the
“swishing” sound of the water flewins through the system, It was
roquested that measuvrewents be made to deotermine the magnitude and
frequency of these pressure head fluetuations te Jetermine whether
there wore similar fluctustions in the alr demand downstresm of
et flow pate, and whether there was any relstionship between
air demand and the pressure head fluctuations,

A pressure tramsducer was cennected te the vemt valve in the bennet
of the ving follower gate immedistely upstream of the fet flov gate
te obtain the pressurs head measurements, A sccond transducer was
connectod to the downstress side of the bonnet of the jet flew gate
to measure the change in the air pressure, The leads from the

two transducers wore connected to sepsrate channels of a twoechannel
Eanborn recorder so that sisuitomecus recordings of the pressure

s

o ¢ was opened in 10 percent ineremenmts fyrom fully
fully epen, The pressure fluctuations were recorded

2. to 3eninute period, The pressure head fluctuation
from 2 8 percent and 100 percent copenings
te 15 feet at the G0 percent opeming, Pigure S, The alr pressure
fluctvations varied from sbout 0.6 foot st 10 percent opeming te

" : 40 te 50 percemt epening, There



The air pressure fluctustions had a frecuency of shout 8.3 te 1,0
uajor eycles per second, with 3 secondary cyeling of sbout 20 cveles
per second, The minor cyeles were less than 041 foot of water in
magnitude, The pressure head fluctustions were comsistent st sbout
20 to 25 eyeles per second., A typical section of the recording

i2 shown en Pigure 6,

Ho internittent “swishing” noise was neticed at any sste epaming
during these tests. The opevation was quiet exeept for geditation
erepitation that comwenced with the 10 percent ppening, resched a
ponk at the 40 pereent opeming, snd cfflised at the 90 porcent opening,

Inspection of Structures

The major hydranlic structures at Trimity Dam have operated st large
flows for censiderable pericds of tise this yesr, The Inspection
was made to determine the extent, 1f any, of domage to these
sivuctures due to the large discherpes and heada,

Spilluay Tuwnel and Flip Bucket,-«The morning glory spilivey has
operated st discharges up 1o sbowt 7,000 efs, 30 percent of naximm,
for several weeks, Prior te the spillway operetion the suxiliary
outlet works had opsrated et mexivem discharpe, 2,500 ofs, for lone
periods of time, The mmxiliery sutlet works discherges inte the
spilivay tunnel; consequently the f1lip bucket has heen subjected

to eomparatively lavpe flows for several weoks,

The flow surfaces in the flip bucker, the semicirculsy spprosch
channel, snd the tusnel spilluay from the tumnsl dortal to the
#lbow showed ne signs of evosion damage., All of the bup holes
have been pstched and the offsets st the construction joints have
been zround-off to 2 smosth tsper,

The srea of river chemne! downstresm from the flin bucket has heen
ssversly ervoded by the impset of the #ee/ A hole was svoded along
the yight side and end of the bucket, Figure 74, Tho hole wes full
of water and its Jepth could net be detormined; however, it did
not appser to have undervsined the structere, There is an extensive
ereded srea about 250 feet downstream and to the right of the Flip
bucket; this hole is 40 feet wide and 70 fewt lens, Y¥row the
ground surface to the water surface in the hels is about 12 feet:
there was no means of determining how deep the hole ewtended below
the watsy surface, An even larger eveded aves is located about

150 feet divectly downstream frum the bueket, Flsure 78, This hole
wss about 50 fest long by 100 feet wide snd ssewed to be sbout the
same depth as the other evoded srws. The impact and flow Prom the
jet has cleaved 2ll looss materisl from the greond in this ares as




well as having formed the eroded areas, The material from the eroded areas
has formed a bar in the river that extends about halfway out into the original
channel, The bar is made up of gravel and rock from pea gravel size to abeut
15-inch-diameter. The bar is about 4 te 5 feet high on the river side.

H-nhll ﬁln? &iunr Crest.--Light colored streaks were noticed on the
upstream ownstream side of the crest axis, Figure 7C. Prom the dam
embankment these streaks appeared to be damaged concrete, However, close

examination showed that some misalinements in the crest curve had been ground-
of f causing the lighter colored areas,

The bug holes in the upper part of the wmorning plory have been patched; the
bug holes on the inside of the crest circle, about 8 or 10 feet below the
axis, have not been filled.

There has been some slight movement of the crest pier; the section that sits
on the fill has deflected about 1/2 to 3/4 inch to the left; the section that
sits on the crest has not moved,

Auxiliary Outlet Works Tunmel.--The protective coating on the steel liner

m;:u has sustained some cavitation damage. The
coating has been removed in strips about an inch wide by 2 to 4 inches long.
The uncovered metal in these strips also show some dipht pitting but nothing

severe,

There are two areas of cavitation damage in the concrete just downstream from
the liner on either side of the invert, These sreas are sbout 4 inches wide
by 8 inches long by 1/2- to leinch deep. There is a similar avea of cavita-
tion ercsion at the vertical curve just upstream from where the auxiliary
outlet works tunnel enters the spillway tunnel, All three of these eroded
areas were first reported over a year ago and spparently the damage is not

progressing,

There is no evidence of erosion where the flow from the auxiliary outlet works
act: ﬁm_gpulnr tunnel,

Cutlet Works Stilling Rasin,-<The concrete surfaces of the wedges, center
Wm sloping floor in the upstream portion of the
basin are in excellent condition and have not been damaged by the extensive
operation, The sidewalls in the downstream portion of the basin have been
slightly eroded. The damaged ares is above the water surface extending about
5 feet upstream from the end of the basin and is less than 1 inch deep, The
damage was apparently caused by the sbrasive action of small rocks in the
hydraulic jump, =P

The extent of damage to the sidewalls below the water surface or to the fleer
of the basin could not be determined since the water level was approximately
35 feet above the basin.floer and ne method was available for making soundings,
Subsequent reports frem the project have indicated that extensive srcsion of
the floor has oceurred at the downstream end of the basin,



Hollowsfet Valves,~«Unly s cursory exawination of the cavitaticn

owejot valves vas made since a detailed inspection
was scheduled to be made by a representstive of the ‘achanical
franek, ]

The dawage te these valves was quite oxtemsive, as previously re-
perted by the Comstruction Engineer, The cause of all cavitation
damage nisalinements in the flow surfaces, The

be due te design shortcoeings,
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Hotion pictures were obtained during the hollowejot valves stillimg
basin tests, In addition, the yroject photographer made avallable
additional motion pictures of the operatien of the morning glory
spillvay and flip bucket dscharging 7 cuble feet per second,
These movies are on file in the tes Bramch,

Susmary and Conclusions
T e it e 1
range of valve openings te obtain
performance date for model-prototype cosparisen, Figures 1, 2, and
3. In general, the stillinp action in the basin was effective but
the turbulence was wuch move vislent tham had been experienced in
1. Hewever, it vas determined for 100 percent valve
20 percent wmove flow
the wmodel studies, This
discrepancy is probably due to much lower friction losses in the
used in the desipgn computations,

The prototype operation for 75 percent valve opening discharged a
flow gquantity sisilar to that used for maximus mode] di

although at & higher head. For this operation the medel prototype

o=The pressure measurements at the suxilisry

gate provided a good determination of the
magnitude and frequency of the pressure fluctustioms, but failed to
disclose any relationship between pressure head variation and sir

demand, Figures 5 and 6,

of 5t v=o=The flew surfaces in the erest, twmnel,

been damaged by spillway discharpes up te
sbout 30 percent saximum,

The jet impact ares downstresm from the flip bucket has been extonsively
erodad in two areas, Pigure 7; one about 100 feet directly downstrean,
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the second about 200 feet downstream and to the right of the bucket, These
areas are sufficintly removed from the structure that there is not danger
of undermining,

The material from the ereded areas has formed a bar that partially constricts
the improved river channel,

Three small areas of cavitation erosion have occurred in the auxiliary outlet
works discharge tunnel, However, these areas have not increased in size
sinee they were first reported asbout a vear ago,

Cavitation has removed wost of the protective coating from the invert of the
downstream portion of the auxiliary outlet works pate frame, but has caused
only minor pitting of the wetal,

The hollow-jet valves in the outlet works show extensive cavitation damage
in the valve bedy at the needle seat, at the end of the outwsrd flare, and
at the downstream end. The cavitation damage does net sppear to bs due to
design shortcomings,

The concrete surfaces in the outlet works stilling basin are in excellent
condition except on the sidewalls near the downstream end. In these areas
there is slight erosion extending less than l-inch deep., The extent of
demage te the basin floor was not determined; however, subsequent reports
from the project have indicated that the floor of the basin near the down-
stream end has sustained extensive erosion damage.

The riprap of the channel banks downstrsam from the outlet works basin has
not been moved by the extensive operation at large discharges,
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Figure

10% Valve opening, Discharge = 1130 cfs," T. W. Eleva-
tion = 1899. 90

25% Valve opening, Discharge = 2760 cfs, T. W. Eleva-
tion = 1901.05

TRINITY DAM OUTLET WORKS
’ Hollow Jet Valve Stilling Basin
Two Valve Operation




Figure

50% Valve opening, Discharge = 5260 cfs, T. W. Eleva-
tion = 1902, 30

it

75% Valve opening, Discharge
tion = 1903.4

7190 cfs, T. W, Eleva-

TRINITY DAM OUTLET WORKS
Hollow Jet Valve Stilling Basin
Two Valve Operation




Figure 3

100% Valve opening, Discharge
Elevation = 1903.7

= 8620 cfs, Tailwater

TRINITY DAM OUTLET WORKS
Hollow Jet Valve Stilling Basin
Two Valve Operation
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Discharge = 7190 cfs, Head = 375', Tailwater Eleva-
tion = 1903.4

Discharge = 7670 cfs, Head = 315', Tail-
water Elevation = 1903

TRINITY DAM OUTLET WORKS
Hollow Jet Valve Stilling Basin
Model-Prototype Comparison
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FIGURE 5

IN FEET OF WATER

PRESSURE FLUGTUATION
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TRINITY DAM AUXILIARY OUTLET WORKS

PRESSURE FLUCTATION UPSTREAM
AND DOWNSTREAM OF JET FLOW GATE
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Note: Pressure head fluctuations were measured upstream of gate
Air pressure fluctuations were measured downstream of gate

TRINITY DAM AUXILIARY OUTLET WORKS

TYPIGAL OSGILLOGRAPH REGORDS OF
PRESSURE FLUCTUATIONS AT 60% GATE OPENING
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Morning Glory Spillway

TRINITY DAM SPILLWAY

Morning Glory entrance and eroded areas downstream

of Flip Bucket
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